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SUMMARY 

by N. L .  Grigorov 
0. M. Kovrizhnykh 
V. E. Nesterov ..... ET AL ..... 

This experiment, carried out aboard the heavy AES Proton-1, was designed 

The measurements were conducted with the aid of a type SEZ-14 ionization 

to iiieasure the energy spectrum of primary cosmic rays in the high energy range. 
So far this could not be performed by direct measurements. 

calorimeter. The results presented here cover only a part of the material col-  
lected during satellite's lifetime and are therefore preliminary. 

The energy spectrum of primary cosmic rays, encompassing nearly 10 orders, 
is p-esently studied by means of direct measurements only in the very narrow 
range of energies 109- 1010ev. 

Thr varimis i n d i r e c t  methods, annl ied f o r  the  stiidy of the  spec tnm for 
greater energies, assume also a different treatment of the data obtained, as 
a function of a priori assumptions laid at the basis of spectrum computation, 
thereby rendering the conclusions about the primary spectrum of cosmic rays 
camLiiguom. Moreover, different results are also obtained during measurements 
by a single method with an identical computation scheme (see, for example [ l -31) .  

Because of the importance of information relative to the spectrum of pri- 
mary cosmic rays for their astrophysics, and also for the establishment of a 
series of characteristics of nuclear interactions at high energies, there ari- 
ses the pressing requirement in conducting direct measurements of the energy 
spectrum in as greatan energy range as possible. It is obvious that such measu- 
reinelits a re  possible only beyond the limits of the atmosphere. The experiment 
has lwcn set up on the lieavy RES PROTON-1. 
- 

'* I Z?ERENIYE ENERGETICHESKOGO SPEKTRA PERVICHNYKH KOSMICHESKIKH LUMEY V 
,- OHLAST1 FmRGIY 1010 -- 1014 EV S POMOSHCH'YU ISZ "PROTON-1" 
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Mc;isurc.iiicbrits were coricluctcd hy the iorii z a t  i o i i  c-;1 1c)riiiic~tvr nicthod wit11 
the a i d  of tlic SI,Z-14 device 141. 
range 5 .10"-- 1O1? ev and those of all particles (protons and heavier- nuclei) 
in the 2 -10'" - 1014ev energy range without determination of the charge. 

of the following conditions: 

I'roton spectra \4crc ~iicasurcyi in t lw ciicr-gy 

The measurement of the spectrum of protons took place under fulfillment 

1) a singly-charged particle passed through the proportional counter; 
2) a singly-charged particle passed through the interaction detector; 
3) if only one particle emerged downward from the calorimeter (enerLgy de- 

4) the energy liberation in the calorimeter was sufficient for the opera- 
tector) and was registered by the lower scintillation counter; 

tion of at least the first disciminator having minimum threshold. 

Under such conditions the average thickness of the calorimeter constituted 
'L 400 g cm-2Fe.* With such a comparatively small thichess of the calorimeter 
';SO a d  400 g cm-2) the measured spectrum of all particles and protons are 
undls'-orted only in the case w h w  the interaction characteristics are not de- 
peildent on cnergy in the entire measured band. 

It was shown in [SI  that in the 3 - 2 ev energy range the 
spectrum of nucleoactive particle impulses under the layer of the matter in a 
single nuclear range coincided with the spectrum of nucleoactive particles 
obtained in the whole calorimeter. An analogous conclusion was derived 
€or energies 2 . l o 1  l -  2 
during operation of a large calorimeter on Aragats also show that in the energy 
range 5 -1011 - 3 .lo12 ev there is liberated in the layer of matter 260 g.cm-2 
'L 50 percent of the whole energy and this quantity is not dependent on the ener- 
gy of primary particles in the indicated range (Fig.1). An analogous result was 
obtained also with the small Aragatsk calorimeter 
for energies 2 .loll - 5 .loll ev in a 230 g-cm-2 
matter layer; 

ev in the work [6] .  Analysis of the data obtained 

extrapolation to 260 g cm-' gives 
the same fraction of energy within the bounds of 
error. 0,s f - 0 - 7  $1 ; : : , , ,  ; !  4s 

The SEZ-14 device was tuned up at sea level 2 5 ZG IO ZU,, 3U 

by solitary u-mesons. so calculated that the 0 0  ev 
energy threshold correspond to the energy of a 
primary particle equal to ' ~ 1 0 ~ ~  ev. This liberated in a layer 260 g value was refined in flight by the latitude 
effect of cosmic rays. 

Fig.1 Mean share of energy 

cmA2 thick, as a function of 
energy: 1) according to the 

Presented i n  the current work are only small Argatsk calorimeter, 
2) according to the large 
Argatsk calorimeter; thick- 
ness of the absorber 260 g 

cm- 2 

thc preliminary data, resulting from the pro- 
ccssiiig of only part of the material collccted 
during satellite's lifetime. Thus, for the con- 
stntction of the proton spectrum data of 36 hr- 
flight were utilized [ 7 ] ,  whereas for the spectrum 
of all particles data of SO hous were used, whereupon for .the energy range 
5 .109 -- 1012 ev, only data of 24 hours at the beginning of flight were utilized. 

* Mien measuring the spectrum of all !articles, conditions 1-3 were not 
required. Then the thickness was 250 g-cm- . 
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'I'he r e s u l t s  of  measiiremcnts are p l o t t e d  i n  Fig. 2 in double logarithmic 
scale.  The ma11 inc l ina t ion  o f  the proton spectrum 
a t  low energies ( 5  .IO9 -5 . l o 1 "  ev) i s  caused by 
apparatus '  e i f c c t ,  f o r  a t  such energies a s i g n i f i -  
cant p a r t  of events is not reg is te red ,  inasmuch as ,+ 
fo r  the r e g i s t r a t i o n  of protons the egress  from 
the calor imeter  downward of i f  only one p a r t i c l e  
i s  required.  Consequently, a l l  those cases ,  when 
the e n t i r e  avalanche, including the primary p a r t -  
t i c l e ,  i s  absorbed i n  the  calor imeter ,  a r e  r e -  
j ec t ed .  I t  is c l e a r  t h a t  such cases are most 
probable f o r  protons with low energies.  I t  i s  
we11 apparent i n  Fig. 2 t h a t  the spectrum of a l l  
p a r t i c l e s  does not  show the "obstruction" , 
inasmuch a s  at r e g i s t r a t i o n  of a l l  p a r t i c l e s  
the  fu l f i l lmen t  of the  above-indicated conditions 
1 - 3 is  not p r e r e q u i s i t e ,  

Fig. 2 .  Spectrum of pro-  
The absolute values of i n t e n s i t i e s  are p l o t -  tons ( I )  and of a l l  par -  

ted  i n  the  ord ina te  axis of  Fig.2. The tying of ticles (11) of primary 
the  da ta  ohtained t o  the  in t ens i ty  was performed cosmic r ad ia t ion :  1) 6 
as follows. The hardness spectrum f o r  protons'  3) first ha l f  of  the de- 
r eg i s t e red  by SEZ-14 was constructed a f t e r  one 
of t he  sess ions .  As a r e s u l t  i t  was es tab l i shed  of the  device 
t h a t  the  f i rs t  threshold corresponds t o  energy 

ned, a f t e r  the s t a t i s t i c a l  material  has been increased and da ta  on the  or ien-  
t a t i o n  a re  obtained) .  
b ra t ion  t o  the point  of proton spectrum corresponding t o  energy 1 0  Bev, the 
i n t e n s i t y  was adJed, equal t o  2 
measured by a number of authors .  

v i ce ;  2 ,  4 )  second ha l f  

4 Bev ( t h i s  quant i ty  w i l l  be subsequently ref i -  

After the indicated tying of device ' s  energe t ic  Cal i -  

cm-2-sec-1.ster-1 , t h a t  i s ,  the  value 

Analogously, ascr ibed t o  the  point  of spectrum of a l l  p a r t i c l e s  a t  energy 
1O1O ev was the  i n t e n s i t y  6 . 0  . 10 -~cm-2sec -1 . s t e r -1 .  The r a t i o  of t he  flux of 
nucle i  and of protons t o  the pro tonf lux  a t  i d e n t i c a l  energy of nuc le i  and pro- 
tons,  the  f a c t o r  of  3 . 0 ,  was obtained from estimates of f luxes  of heavy nuclei  
a t  energies  Q l o 1  O ev by the  method described i n  [ 8 ] .  

s p e c i f i c  conclusicns may be made only a f t e r  processing of a considerably l a r g e r  
experimental mater ia l .  

I t  shuuld be noted t h a t  the ,c .sul ts  obtained a r e  preliminary,  and t h a t  more 
1 

Follows t he  vote of thanks for  the  numerous coworkers i n  t h i s  experiment. 
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